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Executive Summary

The objective of the ERV-tool is to allow the evaluation and
bundling of energy efficiency investments in the residential
sector. Its main features are:

Engineering, financial and risk analyses all infegrated in
one ool

Simple modular structure to develop comprehensive
analyses

User friendly interface for calculations development
Broad range of results available for undertaking
investment decisions
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Objectives of the RenOnBill Tool

The RenOnBill Tool aims to:

Simplify the estimation of energy savings for “non-
fechnical users”

Provide an adequate degree of flexibility for “fechnical
users”

Develop a complete financial analysis by including a
probabilistic approach
Bundle investments for an overall evaluation

—~———

Development of quite a flexible tool adequate for
technical and non-technical users in the development of
complex analyses of energy renovation interventions for

the residential sector —
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Infroduction to the RenOnBill Tool 1/2

The tool provides a simple, yet effective instrument to test the energy and economic
feasibility of energy-focused renovation interventions on a selected group of dwellings
belonging to one or more cities, and different countries. Possible interventions cover
various aspects of the energy profile of a building; from the change of heating and DHW
gears to the renovation of the windows/frames’ equipment to the introduction of
wall/roof/floor insulation means. Solar energy infegration is considered too.

The analysis starts from the comparison between a given situation, estimated by
simulafing the current status of the building, and a planned renovated one.

The software, will provide three different analyses and is structured in three functional
modules. The first, the Engineering Module, provides the building energy balance: energy
flows and infernal gains are evaluated also by taking into account the external weather
condifions of the selected location.The calculated energy needs are then satisfied by a
proper equipment set-up. Energies are monetized and translated to user bill loads based on
the electric and fuel in the considered Country.

Since almost all the parameters involved are, to some extent, random, a Monte Carlo
analysis is performed to evaluate the expected values of the desired quantities and their
uncertainty. In this way, all the relevant information, e.g. energy savings, can be obtained in
the form of an expected value along with its confidence bounds.
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Infroduction to the RenOnBill Tool 2/2

The second module of the tool, the Economic Module, provides various indicators about
the performance of the investment. A comparison between fixed investment costs and
wished savings is performed, both in deterministic and in the stochastic regime, fo obtain a
realistic Net Present Value (NPV) of the intervention along with the risk associated with it. As
known, the more consistent the group of dwellings considered, the less volatile the results of
the investment. Various financial indices will be considered: Net Present Value (NPV), Internal
Rate of Return (IRR), Pay Back Period (PBP), Profitability Index (Pl) and others. "At Risk”
performance of several parameters is presented 1o0o.

The third module provides the overall score of the project, obtained by a combination of
Engineering (savings), Financial (IRR) and Commercial (churn rate and default rate)
performance parameters.

These two last parameters account for the solidity of the client by quantification of its
commercial relationship with the energy utility, e.g. the client’s default rate in paying energy
bills, loyalty to the ufility, and the average level of energy consumption.

The last section is dedicated to the estimation of the so-called "non energy benefits”.
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Access to the Tool

Access to the Tool: Register with a username and password to be used
for accessing to your area where you can save your projects.

—

—— RENONBILL

RENONBILL

Username

Enter username

Username Email
Enter email Enter email
Password

Password
Enter password

Enter password
Confirm Password

Not registered yet? Enter password again

Al ist ?
Submit Iready regis ered?
Submit
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Initial Page

This is the user area where projects can be created, opened, exported,

imported or deleted. _
Click to add a new

project \

Click to Log Out

Log out

RENONBILL

Projects Users

Projects Add Project Import Project

-
ID Project Name Open Export Delete
24 25.03 .
25 David ‘
26 Vincenzo
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Modify Data Sheet 1/2

The tool uses a Data Sheet which is a database containing info on the
cost of the interventions, energy prices, climatic dataq, etc.This file can
be modified by the user and uploaded in the tool.The structure of the
Data Sheet is discussed in the corresponding section of this guide.

Click to download

Click to upload a the existing data
new data sheet sheet

Projects Users \

Constants file: tools default data.xlsx
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Modify Data Sheet 2/2

If you scroll down, you can read the data uploaded in the data sheet.
You can only consult; no special operation can be executed.

Constants

City Climate

Thermal Data

Uncertain Variables

Data

Country
Italy
Italy
Italy
Italy
Italy
Italy
Italy

Italy

City
Agrigento
Alessandria
Ancona
Aosta

Arezzo

Ascoli Piceno
Asti

Avellino

Envelope Windows

HDD

729

2558

1688

2850

2104

1698

2617

1742

Zone

Heating & DHW

Heating
on/off

01.12/31.02
15.10/15.04
01.11/15.04
15.10/15.04
15.10/15.04
01.11/15.04
15.10/15.04

01.11/15.04

Other Thermal Data

Averal
Daily
Rad

ge
olar

Variable Costs

January
13.8

34

66

10.3

8.6

88

9.4

Default Uncertainty

February
15.4

10.2

9.7

11.6

9.7

10.4

10.9

March

144

11.1

12.1

10.2

116

116
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General info on the user interface

The software is organized in a
series of pages of which the first
is dedicated to the Case
Definition.

EWh ~ Go back to Home

Case Definition Details Engineering
(m] n n dw nflo
(] 1 N
Case details
Country Italy
City Agrigento
Building Type apartment W
Floor Position mid
Building Year <1900
Floor(plant) Area 100

Shape

Thermal Transmittance

Commercial Rating

Churn Rate
e val a
95% chb. 0

0

0

Financial

Country

taly

Vol | zap0

Default Rate

Project Rating
o Build.
Cit
o Type
st multistorey
-~

Equipment Setup

Current

burner
pellet stove
heat pump
(splitter)

no device
electric boiler

gas burner

heat pump

insul. floor

Financial Analysis

Discount Rate

MNon Energy Benefits

Log out

Monte Carlo Setup o

RENONBILL

Cnbill WE Business Plan
s S

Floor I »
e Area nvest. Met Inv.
s ] 4
1861-1975 100 974675 974675 .
v —
I

Planned Extended Setup

burner
pellet stove

heat pump
(splitter)

no device
electric boiler

gas bumer

heat pump
insul. walls
insul. roof envelope & wins
insul. floor
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Case Definition 1/10

Case Definition

Case details

Country

City

Building Type

Floor Position

Building Year

Floor(plant) Area

Details

n dw

Italy

Agrigento

apartment

mid

<1900

100

Shape

[J Thermal Transmittance

Engineering

n flo

Vol

Financial

380

To add a new case click on "Add Case” and then define the feature of your case

Project Rating Non Energy Benefits Onbill Rﬂl‘t Business Plan
s S
|
Build Net Inv.
=Y Type © |

1961-1975

52550 :.

By checking the "Thermal Transmiffance” check
box, it is possible to modify also two important
properties: the height and the ratio between
dispersing area and volume.The value of this
last parameter is paramount for a correct
calculation of the thermal losses.The default
value is to be verified accurately since it
depends on building type (e.g.. n. of floors), age
and location (architectural custom).
Furthermore, you can define transmittance
values different from those uploaded in the

)

did cC RENONBILL



Case Definition 2/10

Case details

Country

City

Building Type

Floor Position

Building Year

Floor(plant) Area

Italy

Agrigento

apartment

mid

<1900

100

Shape

Thermal Transmittance

Bare Wall trans

Bare Roof trans

Bare Floor trans

1,48

204

S/V ratio

h

Vol

380

0,35

3.8

“Trans” stands for *Transmittance”
expressed in (W/m”2*K)

h is the floor height expressed in
(m)

S/V is the “surface/volume” ratio
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Case Definition 3/10

On the right, the area devoted to the
description of the energy set-up of
the existing building(s) and the
choice of the renovation
interventions.The set-up comprises
deftails about the heating system (for
technical details see the “Technical
note” at the end of the guide), both
for space heating and DHW, and
about the envelope insulation,
windows included.

With proper "Checkbox” choices, the
current and planned, renovated
equipment are defined. On the right
of the fame, three push-buttons allow

a more detailed set-up arrangement.

Equipment Setup

Current

burner
pellet stove

heat pump
(splitter)

no device
electric boiler
gas burner

heat pump

insul. walls

insul. roof

insul. floor

Planned

burner
pellet stove

heat pump
(splitter)

no device
electric boiler
gas burner

heat pump

insul. walls
insul. roof

insul. floor

Extended Setup

envelope 8 wins

RENONBILL



Case Definition 4/10

Heating Means Setup X
S —— - = L s L
Equipment Setup
Current Planned
G amaes B S @ burner ® burner 1- Type B open chamber heat generators
2- Type C sealed chamber heat generators

® burner ® burner 1-Type B open chamber b 1-Type B open chamber ~ e _ 2 . .
i N 3- Gas or diesel heat generators with air blown or
O pellet stove O pellet stove ! remixed modulating burner
= = O pellet stove O pellet stove 7 R 2
O heat pump O heat pump 4- Condensing gas heat generatars

(splitter) (splitter) O heat pump O heat pump 5- Gas or diesel hot air generators with blown or premixed

(splitter) (splitter) air burner, on-off operator
) _ 6- Air-cooled gas hot air generators with sealed chamber

® no device ® no device

with fan in type B or C combustion circuit, on-off

O electric boiler O electric boiler “ operation
O gas burner O gas burner

O heat pump O heat pump
heat emission heat emission 1- Radiators
O insul. walls O insul. walls 1- Radiators - 1- Radiators - 2- Radiators w ThermoStat. Valve
O insul. roof O insul. roof envelope & wins 3- Fan coil units
o &) o] 4- Floor panels
J - Insul. tloor - Insul. Tloar O solar heating 0 O solar heating 0 5- Ceiling and wall panels
(integration) (integration) 6- Other types

The "heating” buttfon opens the form dedicated to the selection of the
heating generators, the heat emitters (radiators, fan coils, etc.) and of the
potential solar thermal infegration.

RENONBILL



Case Definition 5/10

T —— - = Ll L
Equipment Setup DHW S‘-‘tUP X
Current Planned Extended Setup

Current Planned
® burner ® burner
O pellet stove O pellet stove
. = heating . )
O heat pump O heat pump ® no device ® no device

(splitter) (splitter)
O electric boiler O  electric boiler
@ no device ® no device O gas burner O gas burner
O electric boiler O electric boiler B )
N - “ 1- Open chamber centralize: v 1- Open chamber centralize:
O gas burner O gas burner
O heat pump O heat pump . .
QO  heat pump O heat pump
O insul. walls [ insul. walls O solar heating 5 0 solar heatl'ng 0
O insul. roof O insul. roof g q q g - -
(integration) (integration)

O insul. floor O insul. floor

The "DHW" button opens the hot water generator form which,
beyond the simple options present in the father frame, allows
the selection of the gas burner type and the solar integration
dedicated to DHW.
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Case Definition 6/10

-
Equipment Setup Envelope properties X
Current Planned Extended Setup Current default Planned
® burner ® burner
O pellet st O pellet st
o el e heating insul. walls ] Aw= | 003 Sw= 01 insul. walls ] Aw= | 003 Sw= 01
O heat pump O heat pump
(splitter) (splitter)
insul. roof m] ArR- 003 SR= |01 insul. roof m} Ar- 003 SR= 01
® no device @® no device
- - = - insul. floor O AF= 003 Sr= |01 insul. floer O AF= 003 SF= 01
O electric boiler O electric boiler
- _ dhw
QO gas burner O gas burner
O heat pump O heat pump
U win 3 single Sw’ Sfioor |01 U win 3 single Sw/Sfoor 01
O insul. walls O insul. walls - glazed - glazed
O insul. roof O insul. roof
O insul. floor O insul. floor

The “envelope &wins” button lets the user directly choose the thickness and the thermal
conductivity of the wall (and roof) insulation and to explicitly provide values to the window
fransmittance and to the ratio between windowed and floor surfaces.

Values are independently assigned to both the current building and the planned renovated
one.

Units of Measures

A is the thermal conductivity expressed in (W/mK)

S is the thickness of the insulator expressed in (M)

U is the conductance of the windows expressed in (W/m”2*K) e ey
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Case Definition 7/10

Once the case is defined you can see it listed and some preliminary financial calculations
are immediately available. On the top left part of the screen, it is possible to change the units
of measures, whereas the *“Monte Carlo Setup” butfton allows to define the options of the
probabilistic analysis as shown later-on the quide.

k\Wh v Monte Carlo Setup —

RENONBILL

Leg out

Case Definition Details Engineering Financial Project Rating Non Energy Benefits Onbill Rﬁigrt Business Plan

Add Case
O n n dw n flo Count City S Year
. ry Type
O 1 1 5 Italy Asti multistorey 1961-1975

By clicking on the "Details” sheet a detailed summary related to energy consumption and
savings will appear.

RENONBILL



Case Definition 8/10
KWh v HDD | RAD  Hdays Tmed  Tmin

2617 5245 182 57 -8.6

Log out

Monte Carlo Setup —

RENONBILL

Case Definition Details Engineering Financial Project Rating MNen Energy Benefits  Onbill Mﬁ Business Plan
1 item selected
7 Ticor =
. Build. Invest, Net Inv,
n n dw n flo Countr Ci Year Area
Y 5 Type s ® ©
1 1 5 Italy Asti multistorey 1961-1975 100 52550 52550 .
3
La—— .
heating DHW heating DHW heating DHW
energy losses 28045 7632 23472 7832 T25T o KWh
fuel consumption 150557 10883 36792 10683 13765 o KWh
electric consumption o o 0 o o o KWh
solar consumption o o 0 o o o KWh
fuel energy bill 10628 754 2803 754 an3z2 0
electric energy bill ] o o o o o
energy bill 10629 754 2503 754 an3z2 o
intervention cost 52550
current current planned planned savings savings
- - I

Once the dwelling selection is made, a quick summary of the main annual energy consumptions and the
associated annual bills appear on the left part of the front page. At the top, the actual case under analysis
is highlighted along with its Country, city, apartment type and other resume data. Below, the energy
dispersion is provided along with the various energy components: fuel (fossil), electric, solar, primary
according to the considered case. Values are reporfed for both the current and the planned configuration

(the difference is the savings). Energy values are related to the heating season.
FUrTher gown, The amounts of e Corresponalng annual oIS and oim savings are shown.

RENONBILL



Case Definition 9/10

current
Ewall = outward heat transfer (external walls) 66374
Ewin = heat transfer across windows (conduction/convection) 17900
Efloor = heat transfer through the floor 8165
Eroof = heat transfer through the roof 10733
Ev = heat transfer due to ventilation (air exchange) 7004
Eis = internal heat source due to persons and equipment -7411
Eswin = solar radiation across the windows -7615
Heating
Ed = needed thermal energy 06049
Ef = consumed fuel energy 150557
Eel = consumed electric energy 0
Hot water
DHW Ed = needed thermal energy 7632
DHW Ef = consumed fuel energy 10683
DHW Eel = consumed electric energy 0

m =

>

planned
9666
17900
1531
1498
7904
-T411

-7615

23472

36792

7632

10683

difference
56707
0
0634

9236

72577
113765

0

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh

kWh
-

T

Furthermore, more detailed data are available regarding the energy dispersion contributions

from dispersing surfaces. As before, data are reported for both the current and the planned
configuration. Energy dispersions are detailed by giving the energy losses through walls, roof,
floor, windows and the confribution due to ventilation, internal energy sources and collected
solar energy. Again, these results can be shown for a selected dwelling or all the considered

dwellings.
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Case Definition 10/10

The summary, and in general the whole analysis, can refer to either the selected
dwellings (multi-selection allowed) and the whole set of cases (if nothing is
selected).

kKWh v Go back to Home Monte Carlo Setup e —

RENONBILL

Log out

Case Definition Details Engineering Financial Project Rating Mon Energy Benefits Onbill Eﬁiﬁrt Business Plan

-
O n n dw n flo Country City ERt Year ;I::;r izsi A

Type (€) (€)
(m2)
O 1 1 5 Italy Asti multistorey 1961-1975 100 52550 52550 .
O 2 1 7 Italy Campobasso multistorey 1961-1975 100 1357745 1357745 b
O 3 4 1 Italy Brescia multistorey <1900 300 223935.6 2230356
4 >
a s _ ~ I
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Engineering analysis 1/5
To run the engineering analysis, it is necessary to set-up the Monte Carlo simulatfion by defining the
level of uncertainty by clicking on the *Monte Carlo” set-up button.
The choice of the std. dev. of the noise superposed to key variables (95% confidence bounds) is
performed through the following form which allows sefting the shape of the noise (nhormal,
triangular, or uniform) and the confidence level used fo calculate and present the uncertainty
associated to the Monte Carlo results (99%,95%.68%,50%). A double level of control is possible by

checking the proper optio ,, . £ ogou [l

variables, specifically
. . Case Definition Details Financial Project Rating Non Energy Benefits Onbill %ﬂirt Business Plan
- geometric variables E—

Uncertainty manager

- Thermal properties

- Device efﬁciencies simplified advanced

- Environment variables o %

(O thermal properties w | %

- DHW requirements

efficiencies

- Equipment fixed COSts| = rorwerend 0 | %

environment variability 0 %

- Energy cost

[ equipment costs 10 | %

O energy cost 1 0 | %
Today ~Final Year

noise shape result confidence

gaussian 95 vl %

triangular
= 9 input noise confidence is always 95%

O uniform

RENONBILL



simplified advanced

Thermal prop.

Uwall
O Uroof

O Ufloor

Ext. Insulation

O cond (wall)

O cond (roof)

O Uwins.
[J SunFactor

[J AlfaPlaster

O thick (wall)

[ thick {roof)

External

O HDD
[J Radiation

[ Heat. days

DHW

[] eta_elecBoil

eta_burner

Engineering analysis 2/5

[ he conv
[J Air change

[J Shadow

J HW load

[ Solar fract.

O cond (floor) % O thick (floor) 5 O CoP_hp 15

Costs Heating
O Fixed Costs 10 eta_burner 5 % [ eta_regul 5 %
[J Disc Rate 10 [ eta_pellet 5 % [ eta_distrib 5 %
[ Fuel Energy 1 20 [0 COP_hp 15 % [ eta emitter 5 %
[J Elec Energy 1 20 | % [ Solar fract. 10w | %

[ Pellet Energy 1 20

Geometry
Sfloor 0 | % h 5 %
O sd/vol 10w | % O Swin/Sfloor 5 %

To gain a more refined control of the uncertainty, the advanced check is selected and, on the
resulfing extended form, each variable group is articulated in its components as shown in the
figure.

By checking the variables of interest and seffing their uncertainty (95%C.B.) expressed as a
percentage of the variable value, a deep analysis can be done on the expected values of the
energy and economic indices and their volafility. Very accurate investment risk analysis caaoe
performed and the importance, fo fhis respect, of the considered variable can be PremeiyeiLL
appraised.



Engineering analysis 3/5

Log out

kWh . Monte Carlo Setup 5 o j

RENONBILL

Case Definition Details Engineering Financial Project Rating Non Energy Benefits Onbill Rsngrt Business Plan
A .

If no flags are defined, : -
M f . City Build. Year Rede Invest. Net Inv. NPV
- all the cases will be Type o © ©
O 1 inC|uded in ‘I'he Asti multistorey 1961-1975 100 52550 52550 3863
(2] 2 GnCﬂYSIS. On ihe Campobasso multistorey 1961-1975 100 135774.5 135774.5 8438
contrary, only the
| 3 ) } A - Brescia multistorey <1900 300 2239356 2239356 1458
flagg_(ejd czses will be efine the
— (Plamig)m' ere ariable to
Run Monte Carl
needed fuel ¥ clectric nAr:)arI‘y:isa ° i ISplay

Define 1'he ) exp.values
number of
Run

The second page, named Engineering Analysis, is dedicated to the Monte Carlo method
setup and analysis. As known, the Monte Carlo analysis is a simple though powerful technique
to analyse the behavior of a system under an uncertain regime. The energy or economic
analysis is repeated a great number of fimes by using perturbed values of the selected
relevant variables fo investigate how their uncertainty propagates to the calculated
performance indices. e j
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Engineering analysis 4/5

Probabilistic distrioution of energy variables (energy consumption in the “current” or “planned”
case or “energy savings”) and intervention cost.

Energy (Planned) ‘ Run Monte Carlo savings Vv
needed fuel . electric . Analysis 1
Energy khw exp.values 95% confidence
lost 541e<05 7.9
fuel 8.49e-05 89
| ‘ ‘I" ||“ ‘ ‘|| - : 0
I Il ||| I ||| Total 8.492+05 89
allh ([ ."" fin... . _ vy ALK
Bill (Planned) ; VaR 7.87e+05 [-61776]
fuel electric energy bill CVaR 7.74e+05 [-75441]
Bill € exp.values 95% confidence
fuel 59942 89
electric 0 0
“I ‘ m Total 50042 39
|| " || ||| Bill At Risk
“" Ilu... . II" |I||... < VaR 55581 [-4361]
Intervention costs CVaR 54616 [-5326]

Invest. € exp.values 95% confidence

intervention cost -411643 7.8 I

VaR -438657 [-27013]
| I“ |’| | CVaR -444840 [-33196]
-|-||II||| | | ||"|I|

RENONBILL



Engineering analysis 5/5

From the analysis, two types of results emerge:

- Expected values with associated confidence

- Values at Risk, VaR, and Conditional Values at Risk, CVar

The difference between the C.B. and the “atf-risk” analyses is summarized in the following two
figures.

PDF

PDF

95 %

5%

18 Savings

expected NPV
CVaR VaR value IRR

ings
- expected + NPV
H-1.96GC e HL+1.96C RR |
[Vardev]

[CWVar dev]

PDF: Probability Density Function

On the left the usual confidence region and the out-offboundaries red regions. On the right,
instead, the focus is on the red “at risk” region, referring to undesired results (5%) and their
conditional expectation, CVar, that is the mean value of the red region.

RENONBILL
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Financial analysis 1/4

The third page performs the Financial Analysis. Deterministic and stochastic invesfigations are

carried out separately using dedicated bpeterministic

Analysis
337021°
NPV IRR Pl PBP DPBP
268904 € 1530 % 1.65 65 93
-48493 O Tax Incentive O Loan 3 loan rate, %
65 amount % 80 loan amount, %
-298493 10 refund time, yrs. 10 refund time, yrs.
-548493
intervention cost 412260
investment cost 412260
MC NPV

Monte Carlo Analysis

95% confidence

exp.values

robabilistic

RENONBILL



Financial analysis 2/4
MenH Monte Carlo Analysis 1000

127121.92

exp.values 95% confidence

174354.41

oo
[ X N ]
L X N ]

LA N
=l
5}
o
5 5
=
=
it}
=
w
-

374354.41

DPBP 103 1.23

|
&

4 VaR CVaR
574354.41

Loss ris k 14.5 % NPV -14060[-39263] -24809[-50101] £

Cond. Iow
IRR 71[-151] 6.68[-1.94] %
¥
DPEP 11.401.1] 1704 yrs.
.
¥

The main economic indices related to the infervention are evaluated: Net Present Value (NPV),
Internal Rate of Return (IRR), Profitability Index (Pl), Pay Back Period (NPV) and Discounted Pay
Back (DPBP). Their stochastic counterparts are evaluated foo along with the associated
confidence bounds. Value at Risk (VaR) and Conditional Value at Risk (CVaR) are present only in
the Monte Carlo, stochasfic section.

The above Figure reports from a simple analysis: on the left, a standard NPV diagram can be
observed. In the considered example a small gain margin is calculated corresponding to a time
horizon of 11 years. The graph on the left is obtained under an uncertain regime. It results from
1000 different run. In the considered case, despite the positive NPV, the probability of totaldessin
OToUT T o VOR O e vO O oo e oeaons corsoee nove o oo warn climate to

RENONBILL
fully justify the intervention (envelope insulation, in this case).



Financial analysis 3/4
- g ﬁm“w 1 .: A different picture

104149
: NPV IRR DPBP

emerges if the
investment costs are
covered by a loan. In
this case, a better
performance of the
investment can be

85501 € 19.97 % 185 51 55

O Tax Incentive Loan | 4 loan rate, %

65 amount % an loan amount, %

10 refund time, yrs. 10 refund time, yrs.

138281 achieved as per the
e e following figure.
MC NPV _ It is also possible fo
) Monte Carlo Analysis ) ) )
156341247 . define tax incentives.
. exp.values 95% confidence
. .
® -— hi -, MR 56209 47355 £
. . ——
. . ® = IRR 2008 636 %
s =
11404.57 ° . . |
[ ] L] P 1.85 0.47
L] ° . . .
L 3l i . T
P . . . . ™ ‘ RER 51 145 ¥
-63595.43+ e ® o e DPaEP 67 227 yrs.
P e —-—
VaR CVaR .
13850543

Too NPV 47817[-38482] 39978[-46321] £
Cond. |
IRR 1481[-5.17] 13.83[-6.25] % A
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-9 Project Rating 1/3

F > -
7177 Al
Weight Dimension Parameter Min (0) Max (100) exp. val 95% c.b. Rating (0...100)

Enginesring Energy Savings % 5 60 65.9 NaN 100.0
Financial NoVE 0 10000 362989 473540 100.0
Financial IRR % 7 15 20.1 64 100.0
Financial Disc. Payback yrs. 20 5 6.7 23 839

1 Financial loss risk % 10 0 01 00 92,0

1 Commercial ChurnRate % 10 1 0.0 NaN 100.0
Commercial Default Rate % 5 0 00

Project Score #1

93.27%

min: 0 max: 100

Project Score #2

98.11%

min: 0 max: 100

The 5th page, Project
Rating, provides the
overall score of the
project by mixing
results from the
previous analyses to
commercial indices
manually introduced

by the user.

<)
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Project Rating 2/3

Case details

Currently, seven indices are considered, properly
e = v weighted, to form the project ratfing. Five of them:
City Agrigento v l Energy Savings (ES), NPV, IRR, Payback time and loss
Building Type apartment v ] Risk, are available from the previous phases of the
oo Position - » analysis. If present, their Monte Carlo estimated
values are used, oftherwise, the deterministic

Fulding fear <1900 v counterparts are utilized.
Floor{plant) Area | 409 The other two indices account for the solidity of the
Shape vo! [ client by quantification of its commercial relationship
with the energy ufility; the client's default rate in
Thermal Transmittance paying energy bills, and the client’s loyalty to the
utility quantified by the churn rate. These parameters
are up to the user which also discretfionary sets the
Commercial Rating index variability range af his discretion by providing
a maximum and a minimum value. They can be set
Churm Rate Default Rate in the Case Definition section within the Commercial
e val 0 0 Rating section which allows the user to quantify
=k 0 0 both churn and default rates for each client or a

selected set of clients. i j
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Project Rating 3/3

Two different overall scores are presented. The first, Project Score #1, is simply a linear combination
of the seven Ratings (Ri), that is

DWW, -R

S, =100 S

with Ri the ratings and Wi their weights

While the second score, Project Score #2, is defined as
_ e
ZWi ) (Ri )
i
2W,

-1

S, =100

and stresses the critical issues emerging from single Ri values; if even just one Ri tends o zero, the
overall Score #2 tends to zero too.
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Non-Energy Benefits 1/2

The fifth page is devoted to the quantification of "non energy benefits”. Currently, it assumes that
the maximum value (benefit) that can be added to a property as a result of the renovation is a
quofta (from 0 to 100%) of the value of the investment performed in energy efficiency interventions.
A higher value, i.e. higher than 100%, would be irrational, because one could buy a non-
refurbished property and retrofit it, to obtain the same level of benefits at a lower cost.

i ==
e —

Weight Dimension to Evaluate
Energy expenses represent an important part of househald - - L 71
income 100 75 High 50 Medium 25 Low 0 :
Iarkst reflects higher prices for energy efficient buildings ' ® 108
100 75 High 50 Medium 25 Low 0
Energy efficiency iz promoted by mass mediz and in E [ . 120
legislation 100 75 High 50 Medium 25 Low 0 -
Energy price increases fast ' i i .- 39
100 75 High 50 Medium 25 Low 0
Fenaltizs/restrictions (e.g higher tax rate) ars applied for - L 1086
non-energy efficient proparties 100 75 High 50 Medium 25Low 0 :
The considered property achigves passive house standard . _ . 34
100 75 High 50 Medium 25 Low 0
The increaze in comfort of the energy efficient property is - . . I
relevant 0 7E Lih 50 Medium 25 Low 0
Project Benefit for the Project Score for the
ﬂagged projec-l- and a" Score (0...100) Total Score (0...100) fldgged projec.l. Clnd
imvestmant cost 1- 3483 H £ 5040201 £ 524 =] =
re-Ptb)ee-le all the projects
non ensngy bensfits 30704.2 £ 2568893 I(
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Non-Energy Benefits 2/2

This section of the tool is not linked to previous analyses.
The quantification of the benefit is subjective. A series of potential benefits are presented
to the user which, who based on its experience and sensibility will assign:

1) animportance weight to each benefit fo evaluate and,
2) for each benefit, the rank, between 0 and 1, of the considered (selected) dwelling.

Input data are then summed and normalized to give a score, in the interval 0-100, visible
at the bottom right of the form. Single scores are composed fo form a total score of the
project that represents the ratio between the added value and the tfotal investment.
Multi-selection is allowed too.
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Reporting 1/2

Finally, the “Report” page is devoted to reporting. Report always refers to the whole project. It

always include engineering & financial, project rating and non-energy benefits results.

kWh v Go back to Home Monte Carlo Setup

RENONBILL

Case Definition  Details ~ Engineering  Financial ~ Project Rating ~ Non'EnergyBenefits  Onbill = Report  Business Plan
T

Header

Sub Header

ROB
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Reporting 2/2

Example of "Sheet Report”

Summary of Intervention

Ren On Bill Feasibility Report

ROB

Country Italy year hPY MC_MNPY CB+ CE-
rurn of dwellings 7 0 -100324.0 -101035.9
total surfase, m2 4300 1-851730 -84944.4 -74259.4 -97294.8
2 -684338 -69200.3 533451 -84887.7
3 -63815.9 034766 -334713 -72547.5
Investment armnaunt &MnoLnts refund time vrs. rate>s 4 -38362.2 -38032.0 -13362.1 -606B3.9
Intervention cost 504520, 5 -23109.7 -22775.2 6408.6 -49369.4
Loan 4039361 60 ] [] £ -8089.9 -7645.2 24630.1 -37146.4
Tax Incentive -0.0 1] ] 7 BE701 7088.8 447638 255236
Initial Investrent 100984.0 1 g 2147.9 216927 63383.0 -139817
9 35324.8 3315 807331 -27243
Financial Time horizon Irutial NP, | IRA Fl DPE. wrs. 10 49185.5 499175 972744 79772
il 00384.0 B6298.9 0z 18 6.5 1 85500.8 86298.9 1363321 41622.4
Project Rating Weights Min belax Values Confidence Ratings
Energy Savings, % 1 5 B 0.7 0.0 100.0
NPV, | 1 0 0000 86298.9 0.0 100.0
IAR. 1 7 i 0z 01 00.0
Disc. PayBack, yrs. 1 20 b E.7 2.3 EEE
Loss Risk, 72 1 10 1 00 1 93.0
Churn FRate, 2 1 0 1 0.0 0.0 00.0
Default Pate, > 1 5 0 0.0 0.0 100.0
98.27 Score #1
— R - 9811 Score #2
uel Energy ectric Energy . nergy
i::l?:is consumption.  consumphion, Fueklaﬁlnfrgy E\ectg‘:‘ IErergy consumption, Ernergy Bill. 1 HT;;;QSE;\?ﬁy ?;:\;SET\;?P? Eneraa}ﬁsses,
ki klwh . . kiwh . .
current 1435655.9 0.0 1236719 0.0 14386559 1238119 BO10T2.7 747901 926807.8
planned 490491.2 0.0 422121 0.0 4904912 422121 2461217 747951 320976.9
savings 457647 0.0 16339 0.0 948164 7 o1533.9 E043310 0.0 E04551.0
'F“"i‘;’ll‘;r?;:‘;ig‘ Sy Shvize £ Shvings '”'Eé;z':;‘”” NPV PR OPER
Walue 959249.2 E77229 504893.2 86298.9 201 6.7
992 Confidence Bou__ 100479.3 EEE] 380462 473549 E4 23
Walue at Fisk. 8751662 61766.6 537210.1 478772 4.9 6.6
Conditional Yalue at [ 8524629 EOTB3.E B4E520.0 339780 BE 93
g;:eliil::rgy soore benefits
05 256BE9.3
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Data Sheet 1/7

To perform the thermal and financial analyses, some data is required about

- Climatic conditions of a set of European cities in terms of Heating Degree
Days (HDD),solar  radiation, mandatory or suggested dates for
switching on and off the heating system

- Building information regarding the type of construction, its age and ifs
main geometric and thermal  characteristics

- Heating system device efficiencies

- Investment costs and energy variable cosfs

All this data are available in the file “tools_default_data.xlsx”. This file
represents the default data and it must not be renamed.

You can create a copy of it and rename as you want to create other data sets
to be uploaded as "User Data File” (see chart n. 10).
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Data Sheet 2/7

A shot of the first sheet "City Climate” is reported below.

A B C D E F G H | J K L
Country City HDD zone heating average daily Solar (January |February |March |April
on/off rad [MJ/m~n2]
South vert. Wall

1

2 |Italy Agrigento 729 B 01.12/31.03 13,8 15,4 14,4 12
3 :Italy Alessandria 2559 E 15.10/15.04 8,4 10,2 111 10
4 |Italy Ancona 1688 D 01.11/15.04 6,6 9,7 11,3 11
5 | Italy Aosta 2850 E 15.10/15.04 10,3 11,6 12,1 10
6 |ltaly Arezzo 2104 E 15.10/15.04 8,6 9,7 10,2 ¢
7 |italy Ascoli Piceno 1698 D 01.11/15.04 8,8 10,4 11,6 10
8 |ltaly Asti 2617 E 15.10/15.04 9,4 10,9 11,6 10
9 |ltaly Avellino 1742 D 01.11/15.04 8 10,1 111 10
10 |Italy Bari 1185 C  15.11/31.03 10,9 13,3 13,2 1z
11| Italy Belluno 3001 F 01.09/30.05 7,8 10,7 11,9 10
12 | Italy Benevento 1316 C 15.11/31.03 88 10,7 11,4 10
13 | Italy Bergamo 2533 E 15.10/15.04 73 9,3 11 10
14 | Italy Bologna 2259 E 15.10/15.04 7,4 10,7 11,6 11
15 | Italy Bolzano 2791 E 15.10/15.04 85 12,5 131 11
16 l1tahy Rrecria 2410 F 15 10/15 na 7 11 172 1r

Each row refers to a city. Its climatic features are described by a set of

parameters

Values are user-modifiable, and rows can be added to the sheets with the only

rule of not to mix different countries. Further countries can be added as blocks

of rows.

RENONBILL



Data Sheet 3/7

The second sheet, "Thermal Data”, is dedicated to building information. The data currently

available in the tool are taken from the Tabula IEE Project

1 2 3 4 3 B 7 2 9 10
Wall thermal Roof thermal | Floor thermal W':ndowls
country building type age transmittance | transmittance | transmittance 5 disp/V tralt'ls:lri't“t:ME Swin/Sfloor height

1 [W/(m2K) [W/(m2K) [W/(m2K) [W/[m2K]

37 |Spain Multistorey <1900 2,63 3,08 192 042 2.4 0,095 3,80
38 |Spain Multistorey 1901-1920 2,63 3,08 1,68 0,19 5,7 0,095 3,80
59 (Spain Multistorey 1921-1945 3,03 1,67 1,26 0,37 5,7 0,1 3,50
80 |Spain Multistorey 1946-1960 3,03 1,67 1,26 0,37 57 0,1 3,20
61 |Spain Multistorey 1961-1975 1,71 1,92 1,72 0,21 57 o1 3,00
62 |Spain Multistorey 1976-1990 1,71 1,92 1,72 0,16 5,7 0,125 2,70
63 |Spain Multistorey 1991-2005 0,58 0,60 2,20 0,75 34 0,125 3,00
&4 |Spain Multistorey >2005 0,48 0,47 091 042 33 0,125 3,00
63 |Spain detached house <1900 0,24‘ 5,56 2,38 0,72 5.0 0,095 3,60
86 |Spain detached house 1901-1920 2,56 3,08 0,85 0,69 43 0,095 3,60
&7 |Spain detached house 1921-1945 2,56 3,08 0,85 0,69 43 0,1 3,30
68 |Spain detached house 1946-1960 2,56 1,60 1,83 0,32 a6 o1 3,00
69 |Spain detached house 1961-1975 1,33 1,37 0,85 1,01 a6 o1 3,00
70 |Spain detached house 1976-1990 1,33 1,37 0,85 1,01 a6 0,125 3,00
71 |Spain detached house 1991-2005 0,62 0,52 0,89 0,88 3,2 0,125 3,00
72 |Spain detached house >2005 0,48 0,47 2,16 0,55 31 0,125 3,00
73 |Germany apartment <1859 2,00 2,60 1,20 0,529 28 0,095 4,00
74 |Germany apartment 1860-1918 2,20 1,30 1,20 0,300 27 0,095 4,00
75 |Germany apartment 1919-1948 170 1,40 1,00 0,636 30 0,1 3,80
76 |Germany apartment 1949-1957 1,20 1,60 2,20 0,663 30 0,1 3,80
77 lGermany anartment 195R-19RA 120 [ ] 1 60 nasz a0 o1 3 R0

Again, the user can

modify numerical values and add rows paying attention not to mix
Countries nor building types. Age blocks or building type are fully customizable.
All columns represent default values appearing in the first input page. Some of these values
can be changed during tool operation affer unchecking the default checkbox. Default data
associated with the envelope elements, like the wall insulation or the windows, are available

for adjustment in the sheet named "Envelope & Windows”.
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Data Sheet 4/7

The third sheet, "Envelope & Windows”, is dedicated to cost data for envelope inferventions

and windows substitution.These data can be easily modified by the user.

1 2 3 4 5
thermal ) installation cost
EXTERMAL INSULATION \ . thick cost €/m2
1 conductivity IcKness € € /m2
2 |wall insulation 0,03 01 10 40
3 | Roof insulation 0,05 0,1 10 20
4 | Floor insulation 0,03 01 30 70
5
single grazed cost, €/m2 o
& | [all inclusive)
double glazed ma
uble g cost, €f e

7 |(all inclusive)

Thermal Conductivity is expressed in [W/(mK)] and thickness in [m].

RENONBILL



Data Sheet 5/7

The sheet "Heatfing & DHW" contfains costs and efficiency related to heating and Domesfic
Hot Water devices.These data can be easily modified by the user.

=R RN TR ST R SR

PP [ iy s
W =S

14
15
16
17
18
19
20
21
22

1 2 3 4 5 6 7 8 g 10
. . . . regulation: e
. installation cost ) . installation cost distribution:
HEATING (plant type) efficiency cost £/kwW £/kw HEATING (emitter type) efficiency | cost€£/kwW £/kw mean T e
efficiency
1-Type B open chamber 0,76 20 10 1- Radiators 0,94 120 5 0,94|
2-Type C sealed chamber 0,85 25 10 2- Radiators with Valve 0,95 200 5
3- Gas/diesel modulating 0,83 35 15 3- Fan coil 0,95 60
4- Condensing 0,54 45 15 4- Floor panels 0,96 500
5- Gas/diesel on-off 0,87 30 10 5- Ceiling and wall panel 0,95 400
6- Air cooled 0,87 30 10 6- Other types 0,92 9999999 9999999
pellet stove 0,88 80 10
heat pump 2.5 300 50
solar heating 0,5 500 100
plant type (hot water)
electric boiler (€/1) 0,9 5
1- Open chamber centralized 0,76 20
2- Sealed chamber autonomo 0,85 25
heat pump (€/1) 2 8
solar heater 0,8 500
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Data Sheet 6/7

The sheet "Other Thermal Data” contains some coefficient to tune the software.
Airchangecoeff rules air leakages; results are very sensitive to changes in this parameter. The
Shadow coefficient accounts for the exposition of the building and so for radiation heat
transfer. Shadow=0 means no radiation at all. Alpha is the absorption coefficient (e.g. related
to solar radiafion) of the external plaster, whereas the sun factor is the tfransmissivity of the
glassed surfaces (e.g. windows). DHW load represents the assumption of DHW consumpfion
per person. A person each 25 m”2 is assumed. By changing the value you can easily make
different hypotheses.

alfa (plaster) 0.70
sun factor (glass transmission coeff.) 0.65
shadow 0.30
Airchangecoeff [1/s] 0.33
DHWIload [kg/person /day] 1 person=25m2 30

RENONBILL



Data Sheet 7/7

The last “Variable Costs”, is filled with energy costs year by year. Electric, gas, wood pellet
costs are reported according to various units, country by Country. Other countries can be
added with the same structures of those already present in the database. Data cover a time
horizon of 30 years.

Default values for the discount rate are reported too.

14

15
16
17
18

- o
B0 =D |0|® (N o s W -

1

country

italy

Lithuania

Spain

Germany

2
source

electric energy [€/kwWh]
methane gas [€/Smc]
pellet [€/kg]

discount rate

electric energy [€/kWh]
methane gas [€/Smc]
pellet [€/kg]

discount rate

electric energy [€/kWh]
methane gas [€/Smc]
pellet [€/kg]

discount rate

electric energy [€/kWh]
methane gas [€/Smc]
pellet [€/kg]

discount rate

3 4 5 6 7 8 9 10 1 12
variation rate \ year 1 2 3 4 5 6 7

0,02 0,122 0,125 0,127 0,130 0,132 0,135 0,138 0,14

0,02 0,714 0,728 0,743 0,758 0,773 0,788 0,804 0,82

0,02 0,306 0,312 0,318 0,325 0,331 0,338 0,345 0,35

0,08

0,02 0,122 0,125 0,127 0,130 0,132 0,135 0,138 0,14

0,02 0,714 0,728 0,743 0,758 0,773 0,788 0,804 0,82

0,02 0,306 0,312 0,318 0,325 0,331 0,338 0,345 0,35

0,09|

0,02 0,122 0,125 0,127 0,130 0,132 0,135 0,138 0,14

0,02 0,714 0,728 0,743 0,758 0,773 0,788 0,804 0,82

0,02 0,306 0,312 0,318 0,325 0,331 0,338 0,345 0,35

0,07

0,02 0,122 0,125 0,127 0,130 0,132 0,135 0,138 0,14

0,02 0,714 0,728 0,743 0,758 0,773 0,788 0,804 0,82

0,02 0,306 0,312 0,318 0,325 0,331 0,338 0,345 0,35
0,1

In the above figure, values of energy increase with a constant rate but this is done only for
our convenience. The software does not read the third column values (except for the
discount rate) and the energy prices rows are completely up fo the user.
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Heat Generators Description

Open Chamber. This boiler takes the air necessary for the combustion from
the surrounding environment, therefore the combustion chamber is
connected with the surrounding environment. The exhaust pipe is usually
vertical and transports the exhnaust gases outside. Usually these boilers should
be installed outside in order to avoid the risk of forming carbon monoxide in
the internal environment.

Sealed Chamber. The combustion chamber is sealed and it has no contact
with the surrounding environment. Air for the combustion is taken outside by
using a ventilation system and exhaust gases are expelled outside. This boiler
can be installed in an internal environment.

Pictures taken from www.termostore.it L
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Legal Notice

The sole responsibility for the content of this publication lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither EASME nor the European
Commission is responsible for any use that may be made of the information contained
therein.

All rights reserved; no part of this publication may be translated, reproduced, stored in a
retrieval system, or fransmitted in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise, without the writfen permission of the publisher.
Many of the designations used by manufacturers and sellers to distinguish their products
are claimed as frademarks. The quotation of those designations in whatever way does
not imply the conclusion that the use of those designations is legal without the consent
of the owner of the frademark.

This SOFTWARE PRODUCT is provided by the project consorfium "as is" and "with all
faults." The Project Consortium makes no representations or warranties of any kind
concerning the safety, suitability, lack of viruses, inaccuracies, typographical errors, or
other harmful components of this SOFTWARE PRODUCT. If there are inherent dangers in
the use of any software, the user is solely responsible for determining whether this
SOFTWARE PRODUCT is compatible with its equipment and other software installed on its
equipment. User is also solely responsible for the protection of its equipment and
backup of its data, and the Project Consortium will not be liable for any damages user
may suffer in connection with using, modifying, or distributing this SOFTWARE PRODUCT.

* ¥ %

* This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 847056.
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